The C-24 configurations of (22E)-25,28-dimethylstigmasta-5,22,28-trien-3-ol (1) and 25,28-dimethylstigmasta-5,28-dien-3-ol (2), isolated from the sponge Topsentia ophiraphidites in our previous work, were determined to be both S, through the synthesis of stereodefined (24S)-and (24R)-epimers of 1 and 2 and comparison of the 1 H and 13 C NMR spectroscopic data. In addition, the C-24 configurations of the marine sterols having the same structures as 1 and 2 and their derivatives were also assigned for the first time by NMR comparison. -isopropenyl-22-dehydrocholesterol [3] were established through the synthesis of stereochemically defined (24S)-and (24R)-epimers of these sterols. However, the C-24 configurations of the tbutyl containing sterols, (22E)-25,28-dimethylstigmasta-5,22,28-trien-3-ol (1a or 1b, compound with unknown stereochemistry is designated as 1 hereafter) and 25,28-dimethylstigmasta-5,28-dien-3-ol (2a or 2b, compound with unknown stereochemistry is designated as 2 hereafter) have remained to be established ( Figure  1 ).
We previously reported the isolation of a number of multiple alkylated sterols including a new C 31 -sterol, ophirasterol [(22E)-24-(1-buten-2-yl)cholesta-5,22-dien-3-ol], from the Colombian Caribbean sponge, Topsentia ophiraphidites [1] . Among these sterols, the C-24 configurations of ophirasterol [1] , 24-ethyl-24-methyl-22-dehydrocholesterol [2] , 24-ethyl-24-methylcholesterol [2] and 24-isopropenyl-22-dehydrocholesterol [3] were established through the synthesis of stereochemically defined (24S)-and (24R)-epimers of these sterols. However, the C-24 configurations of the tbutyl containing sterols, (22E)-25,28-dimethylstigmasta-5,22,28-trien-3-ol (1a or 1b, compound with unknown stereochemistry is designated as 1 hereafter) and 25,28-dimethylstigmasta-5,28-dien-3-ol (2a or 2b, compound with unknown stereochemistry is designated as 2 hereafter) have remained to be established ( Figure  1 ).
Besides our studies, sterol 1 (named epipolasterol) was isolated from the marine sponge Epipolasis sp. [4] , and sterol 2 from Trachyopsis sp. [5] , Epipolasis sp. (named dihydroepipolasterol) [4] and Pseudoaxinyssa sp. (named axinyssasterol) [6] . Furthermore, 7-and 7-hydroxy derivatives of 1 (topsentinols A (3) and F (4), respectively) and the same 7-hydroxy derivatives of 2 (topsentinols C (5) and H (6), respectively) were reported from the marine sponge, Topsentia sp. [7] . However, the C-24 configurations of these t-butyl containing sterols 1-6 have not been elucidated. In this article, we report the first stereochemical determination at C-24 of 1-6.
To elucidate the C-24 configurations of 1 and 2 we adopted the same strategy as employed in our previous studies [1] [2] [3] . This involves the synthesis of stereochemically defined both C-24 epimers and comparison of the NMR spectroscopic data with those of natural sterols. Thus, our initial object was to synthesize the stereodefined (24S)-and (24R)-epimers of (22E)-25,28-dimethylstigmasta-5,22,28-trien-3-ol (1a and 1b, respectively) and 25,28-dimethylstigmasta-5,28-dien-3-ol (2a and 2b, respectively). Synthesis of naturally occurring t-butyl containing sterols has not been reported previously. We anticipated that the stereo-controlled introduction of the t-butyl and isopropenyl groups at the C-24 position of the sterol side chain could be achieved by use of orthoester Claisen rearrangement of (22R,23E)-and (22S,23E)-23-en-22-ols (7a and 7b).
The synthesis was started with the preparation of the requisite allylic alcohols 7a and 7b with the known C-22 configurations ( Figure 2 [3, 9] ). The 22S configuration of 7b was further confirmed by application of the modified Mosher's method [10] to 7b ( S-R values (ppm): +0.03 (H 3 -18), +0.02 (H 3 -21), -0.15 (H-23), -0.11 (H-24) and -0.04 (t-Bu)).
Reagents: i) (EtO) 2 POCH 2 CO 2 Et, NaH, ii) DIBAH, iii) MnO 2 , iv) TMSCN, ZnCl 2 , v) EtOCH=CH 2 , TsOH, vi) 8, NaHMDS, vii) HCl, viii) NaOH, ix) DIBAH, x) EtC(OMe) 3 , propionic acid, xi) LiAlH 4 , xii) 2-NO 2 C 6 H 4 SeCN, n-Bu 3 P; H 2 O 2 , xiii) H 2 , Pd/C, xiv) TsOH, dioxane-H 2 O. Exposure of the (22R)-allylic alcohol 7a to conditions of orthoester Claisen rearrangement (triethyl orthopropionate in refluxing xylene containing propionic acid) gave the rearranged ester 11a in a moderate yield as a C-28 diastereomeric mixture (this was confirmed at the stage of 12a and the subsequent transformation yielded 13a as a single compound). The configuration at C-24 of 11a was assigned as R from the well-established conformation in the transition state of the orthoester Claisen rearrangement of steroidal (23E)-23-en-22-ols [1] [2] [3] 9, 11] . Reduction of the ester 11a gave the primary alcohol 12a, which upon dehydration afforded the exomethylene 13a as a stereochemically homogenous compound. Acidic treatment of 13a furnished the (24S)-sterol 1a. The (24R)-epimer 1b was synthesized from the (22R)-allylic alcohol 7b via the rearranged ester 11b, the primary alcohol 12b, and the exomethylene 13b, in the same manner as described above.
Compounds 2a and b were synthesized in an analogous manner by adding a hydrogenation step to the primary alcohols 12a, b. Thus, compound 12a yielded the (24S)-sterol 2a via the (24S)-exomethylene 14a. Similarly, 12b was converted into the (24R)-sterol 2b via the (24R)-exomethylene 14b.
With the stereodefined (24S)-and (24R)-epimers of 1a/1b in hand, their NMR data were compared with those of the natural sample 1. The 1 H NMR data of 1a and 1b were similar to each other. However, diagnostic differences were observed in the 22-H olefinic proton (shift difference 0.05 ppm) and 21-H 3 (0.02 ppm) ( Table 1) . The 13 C NMR data of 1a and 1b were found to more useful for the differentiation between isomers. The three signals, C-16 (shift difference 0.65 ppm), C-20 (0.36 ppm) and C-17 (0.31 ppm) exhibited more than 0.3 ppm difference. Both 1 H and 13 C NMR data of the natural sterol 1 isolated from T. ophiraphidites coincided with the data of 1a, but not those of 1b (Table 2) . Thus, the C-24 configuration of the sterol 1 was unambiguously determined to be S. The C-16 and C-20 signals of 1a resonated up field from the respective signals of 1b, and the C-17 signal of 1a resonated at lower field than that of 1b, which was the same as that observed for the C-24 epimers of 22-dehydro-24-isopropenylcholesterol. Table 1: 1 H NMR data (400 MHz, CDCl 3 ) for the natural sterol 1, compounds 1a and 1b (mult. J in Hz). 
------------------------------------------------------
No 1 from T. ophiraphidites 1a (24S) 1b (24R) ------------------------------------------------------
a) Diagnostic shifts are shown in bold.
The 1 H NMR data (5.20 for H-22 and  1.03 for 21-H 3 ) reported for epipolasterol 1 [4] agreed with those of 1a. The 13 C NMR data of epipolasterol { 28.33 (C-16), 56.17 (C-17), 40.20 (C-20), with its chemical shifts adjusted by subtracting 0.70 ppm from the reported data, and now assigned on the basis of our data} were found to meet those of 1a rather than 1b. It was thus concluded that epipolasterol also has a 24S configuration.
It was anticipated that the C-24 configurations of topsentinols A and F (3 and 4) [7] could be determined by comparing their NMR data with those of 1a and 1b, since the hydroxyl group at C-7 would not exert a significant effect on the 13 C signals of the side chain. Figure  3 gives a graphic representation of the 13 C shift comparison. It can Stereochemical determination at C-24 of marine sterols Natural Product Communications Vol. 9 (12) 2014 1701 be said from the graphs of the ((3)-(1a)) and ((3)-(1b)) values that the 13 C shifts of topsentinol A were much more consistent with those of 1a than 1b. Similar comparison of the ((4)-(1a)) and((4)-(1b)) values indicated that topsentinol F and 1a have the same C-24 configuration. Thus, it was concluded that the C-24 configurations of topsentinol C and topsentinol H are both S. Thus it can be concluded that the t-butyl containing  22 -sterols isolated from marine sources thus far all have the 24S configuration. Table 2: 13 C NMR data (100 MHz, CDCl 3 ) for compounds 1, 1a, 1b, 2, 2a and 2b. 
No 1 from 1a (24S) 1b (24R) 2 from 2a (24S) 2b (24R) T. ophiraphidites T. ophiraphidites ------------------------------------------------------
a) Diagnostic shifts are shown in bold. The C-24 configurations of t-butyl containing 22,23-dihydro marine sterols are now discussed. Comparison of the 1 H NMR data of 2a and 2b indicated that the epimers showed much smaller shift differences than the corresponding  22 -compounds 1a and 1b. The H 3 -21 signal exhibited a maximum shift difference between epimers of 0.019 ppm. Practically, this much difference is not useful for assigning the C-24 configuration only by comparison of reported 1 H data. Nonetheless, direct comparison of the 1 H NMR spectrum with those of 2a and 2b allowed us to assign the 24S configuration for the sterol 2 isolated from T. ophiraphidites. In contrast, the 13 C NMR data of 2a and 2b displayed more diagnostic shift differences for the signals of C-20 (shift difference 0.83 ppm), C-21 (0.54 ppm) and C-24 (0.82 ppm) ( Table 2 ). The 13 C signals of the sterol 2 were in excellent agreement with those of 2a. Hence, sterol 2 isolated from T. ophiraphidites was established to have the 24S configuration. The C-20, C-21 and C-24 signals of 2a resonated at lower field than the respective signals of 2b, which was the same as that observed for the C-24 epimers of 24-isopropenylcholesterol. 1 H NMR data (400 MHz, CDCl 3 ) for the natural sterol 2, and compounds 2a and 2b (mult. J in Hz).
- -------------------------------------------------- 1 H NMR data (400 MHz, benzene-d 6 ) comparison of axinyssasterol, and compounds 2a and 2b (mult. J in Hz).

No axinyssasterol a) For axinyssasterol (2) , 1 H NMR data recorded in benzene-d 6 was only available in the literature [6] . Thus, the 1 H NMR spectra of 2a and 2b were measured in benzene-d 6 . Comparison of these 1 H NMR data is listed in Table 4 . The signal of H 3 -18 displayed 0.017 ppm difference, although the differences in chemical shifts between epimers were very small. The signal of H 3 -18 ( 0.678) was more compatible with that of 2a rather than that of 2b. Thus, axinyssasterol was assigned as the (24S)-epimer 2a. Interestingly, both the (24S)-epimer 2a (sterol 2 from T. ophiraphidites and axinyssasterol) and the (24R)-epimer 2b (dihydroepipolasterol and the sterol 2 from Trachyopsis sp.) have been isolated from marine sources. Topsentinols C and H (5 and 6) are 7 and 7-hydroxylated derivatives of 2, respectively [7] . Comparison of the 13 C NMR data of topsentinol A with those of 2a and 2b is shown in Figure 4 . The C-24 configuration of 5 could be assigned as R, since the ((5)-(2b)) values of the side chain carbons were much smaller than those of the ((5)-(2a)). Similar graphic comparison led to the assignment of C-24R configuration for topsentinol F (6), which was in agreement with 5 ( Figure 4) . The 13 C signal assignments of C-23 for 5 and 6 (reported as  29.7 and 29.6, respectively) and C-21 for 6 (reported as  21.8) in literature [7] require revision.
2a (24S) 2b (24R) ------------------------------------------------------
------------------------------------------------------
In conclusion, the synthesis of both stereodefined C-24 epimers of t-butyl containing sterols 1a and 1b, and 2a and 2b were achieved and the accurate 1 H and 13 C NMR data for these sterols were provided. Comparison of the NMR data with those of the previously isolated marine sterols allowed us to determine their C-24 configurations for the first time. Furthermore, the present study demonstrated that both C-24 epimers of 25,28-dimethylstigmasta-5,28-dien-3-ol occur in marine sources. It is interesting to note that 2a and its  22 form 1a, isolated from T. ophiraphidites, have the same orientation at the C-24 position. In contrast, the 24S configuration of epipolasterol was opposite to the 24R configuration of dihydroepipolasterol in spite of the two sterols being isolated from the same sponge. The C-24 configurations of topsentinols C and H were also opposite to those of topsentinols A and F. These results imply that 
22
-unsaturated marine sterols are not necessarily biosynthesized from the corresponding 22,23-dihydro sterol precursors and there are distinct biosynthetic pathways for these sterols.
Experimental
General: Melting points were determined by a Yazawa BY-1 hotstage apparatus and were uncorrected. Optical rotations were measured on a JASCO P-2200 polarimeter.
1 H and 13 C NMR spectra were recorded on a JEOL JNM LA-400 (400 MHz for 1 H and 100 MHz for 13 C) spectrometer. 1 H chemical shifts are reported with reference to the internal standard TMS (0.000 ppm), while : -31.9 (c, 0.37, CHCl 3 ). 1 H NMR data: see Table 1 . 13 C NMR data: see 
Preparation of (24S)-25,28-dimethylstigmasta-5,28-dien-3-ol (2a):
A solution of 12a (13 mg, 28 mol) in AcOEt (1.0 mL) containing 10% Pd/C (10 mg) was stirred under a hydrogen atmosphere overnight. The mixture was diluted with n-hexane (4.0 mL) and filtered through a pad of silica gel. Concentration of the filtrate gave the 22,23-dihydro compound (13 mg, no purification), which was dehydrated to give compound 14a (10 mg, 80% from 12a), as described for 12a. 14a: a colorless oil. 1 
